Seedlings of a greenhouse variety of cucumber, Marinda F 1 , were produced in a growth chamber under fluorescent lamps emitting 'daylight' and blue light, each at quantum irradiance of 50, 55 or 60 ȝmolǜm -2 ǜs -1 . The seedlings were assessed in terms of growth dynamics, the more important morphological features and the concentration of selected pigments in fresh leaf weight.
INTRODUCTION
One of the most important abiotic environmental factors affecting the growth and development of plants is light (Kraepiel et al. 2001) . Seedlings produced in insufficient light become etiolated, more susceptible to damage and disease, and come into bearing later. Until recently, the role of light in horticultural production was investigated mainly in terms of irradiance, with less significance attached to the quality of light in the sense of its spectral composition. By using light of a specific quality, one can strongly influence the growth and development of plants. Grown under a light with a low red to far-red ratio, stems of chrysanthemum plants increase in length considerably, but in a reverse situation growth is inhibited, plants are more compact, and even begin to branch out (Khattak et al. 2004) . Similar responses to the red/far-red ratio were also found in cucumber, melon and tomato seedlings (Takaichi et al. 2000) . Supplementing the natural light with waves from the blue region of the spectrum effectively reduces the growth of tomato, capsicum and lettuce seedlings, and chrysanthemum cuttings (Mortensen & Strømme 1987 , Li et al. 2000 . In narcissus, the leaves become shorter and the flower shoots stiffen (WoĨny & Jerzy 2007) . The use of blue fluorescent lamps in the production of tomato seedlings makes it possible, in most cases, to obtain seedlings that are short and stocky, with a strong and thick stem, short internodes and intensely dark-green leaves. The dry matter content of these plants as a share of fresh weight of the above-ground parts is also higher, and the plants begin to produce flower buds sooner (Gáowacka 2002 (Gáowacka , 2004 . The effect of blue light on the growth of cucumber seedlings is not fully understood yet. Shinkle & Jones (1988) showed the inhibitory effect of blue light on the growth of cucumber seedlings, but cucumber seedlings of the cultivar Marinda F 1 placed under fluorescent lamps emitting blue light at a level of 55 ȝmol·m -2 ·s -1 were taller than the seedlings grown under lamps that emitted light close to natural light, with the plants maintaining the right growth habit (Piszczek & Gáowacka 2005) .
The aim of the experiments was to determine the effect of blue light at different quantum irradiance levels on cucumber seedlings of the cultivar Marinda F 1 .
MATERIALS AND METHODS
The experiments were carried out on a greenhouse variety of cucumber, Marinda F 1 , during two periods: from 5 January to 18 February, and from 22 September to 5 November 2006. Two factors were varied -the colour of light and quantum irradiance. Seeds were sown in trays with a universal vegetable substrate STM-4 with a pH of 6.5. After 10 days, seedlings were pricked out into 9 cm diameter pots filled with the same substrate, and 3 days later the plants were transferred into a growth chamber where natural light could not enter. The pots were placed on shelves under Philips TLD 36 Watt fluorescent lamps that emitted 'daylight' (colour 54) and blue light (colour 18). The 'daylight', whose colour was close to that of natural light served as the control. Each of the two colours of light was applied at three levels of quantum irradiance measured at the level of plant growth tips (Table 1) . In order to ensure that plants were provided with uniform growth conditions, the pots on all the shelves were rearranged every two days. As the plants grew, the lamps were raised to ensure quantum irradiance remained at the same level. The experiments were set up in a totally random system, in four replications with four plants each. The temperature in the growth chamber was maintained at 20°C during the day (7 am -11 pm), and at 16°C at night (11 pm -7 am), with air relative humidity kept at 80%. The temperature of the substrate was 19.5-21.5°C.
In order to determine the growth dynamics of the seedlings, the height of all the plants was measured once a week, from the top edge of the pot to the tip of the shoot. In both experiments, after 5 weeks, when flower buds had appeared in most of the plants, the height of all the plants was measured, the number of fully developed leaves was determined, and the average length of internodes was calculated by dividing plant height by the number of leaves. Using a micrometer, the thickness of the stem was measured at the level of the lowest leaf.
For each colour of light and irradiance level, 8 plants were randomly chosen and cut at the height of the rim of the pot. They were used for determining fresh weight, and after drying at 105°C -of dry weight. On the basis of the obtained results, the percentage of dry matter in fresh shoot weight was calculated.
From the remaining eight plants for each light colour and irradiance level, 5 plants were randomly chosen. From each of them, the third leaf from the bottom was removed in order to determine the concentrations of chlorophyll and carotenoids in fresh weight. The concentrations of the pigments were determined by the method of extraction in an 80% aqueous solution of acetone and using a UV-VIS 1601 PC SHIMADZU spectrophotometer. Absorbance readings were taken at the wavelengths of 645 and 663 nm for chlorophyll, and 440 and 652 nm for carotenoids. Anthocyanins were extracted from leaf tissue with a 1% solution of HCl in methanol. Absorbance readings were taken at the wavelengths of 530 and 657 nm.
The obtained results were evaluated statistically with a two-factorial analysis of variance, and the mean values for each combination were assessed with Tukey's test at a significance level of P=0.05. Figure 1 shows the growth dynamics of cucumber seedlings growing under fluorescent lamps emitting 'daylight' and blue light at three levels of quantum irradiance. In both experiments, from the second week onwards, the fastest growth was observed in plants under blue light at the highest irradiance. Plants under 'daylight' lamps were shorter from the second week onwards, and that difference was observed over the entire duration of the experiments. Likewise, in an earlier experiment, a more intense growth of cucumber seedlings of the same cultivar had been observed under the influence of blue light (Piszczek & Gáowacka 2005) . Table 2 presents the results of the last measurements of plant height, the number of leaves, internode length and stem thickness. At each of the applied levels of quantum irradiance, plants growing under blue-light lamps were taller. This relationship also applied to internode lengths. In both experiments, stronger growth of plants and greater elongation of internodes was most often observed at the highest level of quantum irradiance, whereas the weakest growth and smallest internode elongation in both experiments were recorded at the lowest irradiance.
RESULTS AND DISCUSSION
Irrespective of the level of quantum irradiance, a lower number of leaves was recorded in plants illuminated with blue light, but only in the first experi- ment. In all the other cases, neither the colour of light nor the level of irradiance was found to have an effect on the number of leaves produced. In both experiments, the largest stem thickness was recorded in plants under blue light illumination. In the first experiment, the irradiance level of blue light did not affect stem thickness, whereas plants growing in 'daylight' at the highest irradiance had thicker stems than those growing at the medium and lower levels of quantum irradiance. In the second experiment, stem thickness increased as the level of irradiance increased, irrespective of the colour of light. In 'daylight', plants growing at the highest level of quantum irradiance had thicker stems than those growing at the lowest irradiance. In the case of the plants illuminated with blue light, increasing the level of quantum irradiance caused an increase in stem thickness.
Stimulation of shoot growth and internode elongation with blue light is rarely found in the literature, as the reverse effect is observed more frequently (Benson & Kelly 1990 , Brown et al. 1995 , Gáowacka 2002 , 2004 , 2006 , Li et al. 2000 . The effect of stronger plant growth in blue light at higher irradiance had been observed in tomato seedlings cv. Delfine F 1 , although in 'daylight' the seedlings were found to grow better at lower irradiance levels (Gáowacka 2004 ). Like in the tested cucumber cultivar, in various tomato cultivars the number of leaves on the stem did not change under the influence of light, or it was lower, and plants placed under blue lamps had a thicker stem base (Gáowacka 2002 (Gáowacka , 2004 (Gáowacka , 2006 .
In general, fresh plant weight (Table 3) corresponded to the results of plant height (Table 2) . Taller plants most often had greater fresh weight regardless of the colour of light and the level of quantum irradiance. In both experiments, irrespective of the irradiance level, plants growing in blue light had greater fresh weight of the above-ground parts. Regardless of the colour of light, plants subjected to illumination at the highest level of quantum irradiance were found to have greater fresh weight than those growing in the light of the lowest irradiance. Fresh weight of the seedlings obtained in 'daylight' was similar at all the applied levels of irradiance, but in blue light fresh weight of the above-ground parts of plants increased as irradiance increased. Similar relationships were also observed in the absolute dry matter content of the analyzed plants, as well as in the percentage of dry matter in fresh shoot weight.
The relationship between fresh weight and plant height also applies to other plant species, e.g. tomato and capsicum, and for that reason the effect of inhibiting plant growth in blue light translates into lower fresh weight of the above-ground parts (Gáowacka 2004 , Brown et al. 1995 . The authors' research indicates that, irrespective of the effect of the colour of light on plant growth, the percentage of dry matter in fresh shoot weight is seen to increase under the influence of blue light, although the absolute dry matter content does not always change (Brown et al. 1995 , Gáowacka 2004 , 2006 . However, in chrysanthemum plants illuminated with blue-enriched light the total dry weight of shoots is seen to decrease (Oyaert et al. 1999 .
The concentrations of pigments in fresh weight of cucumber leaves are shown in Table 4 . In the first experiment, the effect of the colour of light on chlorophyll content in the leaves was very weak and could be seen only at the highest level of quantum irradiance. In 'daylight' at 60 ȝmolǜm -2 ǜs -1 , the concentrations of chlorophyll a and b, and the total concentration were higher. In the second experiment, regardless of the irradiance level, higher concentrations of chlorophyll were found under 'daylight' illumination. The level of quantum irradiance did not have any effect on chlorophyll content in plants growing in 'daylight', whereas in blue light a lower content was observed at the lowest level of quantum irradiance. The concentrations of carotenoids in the leaves of the seedlings obtained in the first experiment were on a rather similar level. Only at the highest level of quantum irradiance higher concentrations of these pigments were found under 'daylight' illumination. In blue light, the plants growing at the lowest irradiance contained more carotenoids than those exposed to light at higher irradiance levels. In 'daylight', the level of quantum irradiance did not affect the concentration of carotenoid pigments in the leaves. Likewise, in the second experiment, the irradiance level of 'daylight' illumination was not found to have an effect on the carotenoid content of the leaves, whereas in blue light the concentration of carotenoids was lower at the lowest level of quantum irradiance. Also, higher concentrations of these pigments were found more often in plants exposed to 'daylight' than those growing in blue light. In the first experiment, there was no measurable effect of light on the concentration of anthocyanins in the leaves. In the second experiment, in terms of the colour of light, the average anthocyanin content was higher under blue light illumination, and in terms of irradiance, the same relationship was found at the highest level of quantum irradiance. Both under 'daylight' and blue light illumination, the level of quantum irradiance did not have a significant effect on the concentration of anthocyanins. In terms of irradiance, the average anthocyanin content was higher at the lowest irradiance level than at the medium irradiance level. An earlier experiment with the same cucumber variety revealed no effect of blue light on the chlorophyll content in the leaves; similar responses were observed in Recento F 1 tomato seedlings (Gáowacka 2002 , Piszczek & Gáowacka 2005 . However, experiments with chrysanthemum plants showed that increasing the blue component of light by means of spectral filters with CuSO 4 resulted in an increase in the chlorophyll content of the leaves (McMahon & Kelly 1995) .
The different responses of plants to blue light may be explained by the dissimilarities between the various species, or even cultivars, although in some cases the causes of this may be sought in the different characteristics of the light sources used. In their own experiments the authors used fluorescent lamps, whereas others enriched natural light with wavelengths from the blue range of the spectrum by means of spectral filters. The light filtered through an aqueous solution of copper sulphate is different from that emitted by blue fluorescent lamps, particularly in respect of the higher levels of the red component, which is also responsible for inhibiting plant growth . These conjectures are also confirmed by the results of experiments on providing tomato seedlings with supplementary illumination using mixed light, i.e. daylight and blue light at the same time, which causes stronger inhibition in growth and a considerable increase in dry matter content of shoots in comparison with the use of blue light on its own (Gáowacka 2006) . CONCLUSIONS 1. Blue light had a beneficial effect on the quality of cucumber seedlings cv.
Marinda F 1 . Plants growing under blue fluorescent lamps were taller, had longer internodes, thicker stems, and a higher dry matter content in fresh shoot weight. 2. The quality of the seedlings increased as the level of quantum irradiance increased from 50 to 55 and 60 ȝmolǜm -2 ǜs -1 . 3. The number of leaves did not depend on the colour of light or the quantum irradiance level. 4. Chlorophyll and carotenoid concentrations were higher in the leaves of plants growing under 'daylight' lamps at the highest quantum irradiance level. 5. The concentration of anthocyanins was not influenced by the colour of light or the level of quantum irradiance.
